Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 





Reserve 
aSB945 
.D76N44 | 
1973 


Forestry Sciences. Laboratory | 


FR Fs 








Dr. Bohdan Maksymiuk 
Forestry {~ onces Laboratory 
3200 Jefferson Way 
Corvallis, Oregon 97331 


ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the cooperation received 
from David McComb and others from the Forest Insect and Disease 
Control Branch of Region 6 for coordinating the field experiments 
and for their assistance in the airport tests. Field aspects of 
the experiments were also made possible by the cooperation of 
Carroll B. Williams and Patrick J. Shea of the Pacific Southwest 
Forest and Range Experiment Station. Appreciation is also extended 
to J. B. Moore of McLaughlin Gormley King Company for furnishing 
the stabilized pyrethrins for the airport tests and field experi- 


ments, and for his assistance in conducting the airport tests. 





Weoltpoce/ 2- » tewiet rs 1 7 ¥ 7 
| ae 

a : a 
es 7) 
e% ate 


A a ; aps 
ff 


nelt. cages add agbeloonilgg. ¢ilgted Aty etolide ait 




















ow 
4702 44: an? swidiio baa! drodaM bv ad dost © 


j [9 wetdent S ey» xt 3 aul quit t6-dseeig “ic 3 
: ‘ ; i Jfhqste oF a? wonudetace (igegs 107 She 
ayy * ej Deri ei ae eh win -.5 S19 S220" 2 of if 
ray a5 iy oe? .. aeesga" bean ambi itW .a fi 0 es 
bal Tt fino byeee? opacit hi 207 
| hoy aetY vs!) ered Wiiipiiatom, ta Strout 6A LE fh 
Tt Txt ita aol een os Pe ee Wweas itt ye e ¢ ‘Yt 


et% oy? mt AG birs i @docetetens =i wot brs’ , 22h 





TABLE OF 


DUSteOre ray Ler ses ec rs ee es 
List of Figures. 
Misteor. Appendixes™s rs cy 4's 
SUMO NY ais eee ate ete ete ret ete 
ER CRODUCTION Ss oss Vem. Meee 
PERE CREE LES EO es ms hs Mest 

OR Iee eeViSeews 2 foe Ses 


MATERIALS AND METHODS. 
Calibration: 
DES Crews oe sce 
Formulations ... 


Spray Deposit Assessment . 


Biological Assessment. 


RESULTS “AND - DISCUSSION”, : 
Calibration. 
Meteorology. .... 
meemiszatton.s ©. "5 ~.< ; 
Spray Deposit Assessme 


CONTENTS 


Te 


FIELD EXPERIMENTS IN WASHINGTON. ... 


OBIEGDIVGS fev e hi 5 


MATERIALS AND METHODS. . . 
Cam Meese ne 4s jo: ce 
Decree teers oe es 
Equipment. ... 
Formulation. . a8 
Spray Application. . 
insect sampling... .  . 


Spray Deposit Sampling . 


Spray Drift Sampling . 


Additional Deposit Sampling. 


Spray Deposit Analysis 


PAGE 


olal 
va Oy 


A hes og 


NWN LH W W 


N Cc CO CO © 


1) 


19 
1, 
Migs 
20 
20 
20 
oa: 
21 
Zo 
£3 
oo 
















7 = . Ve 
ee : n 
a 
=: Se, aa 7 | . 
ae’ - - ; Ean : : n ; 7 ; 
_ a3 aaa a 
, = 
gia 1 MAT 
: Ve 
i} 
- * . . s . cd - 2 
- . 
= is ‘ 
» « . * - . . . * * * . . 
* + . 4 * _ * . ‘ 
* « * 
« *% 
, ban 
cont 
iy 
| 
P 3 = a2 : 
j 
‘ * 
¢ 
é ~ 
* ’ ’ ° a . . . 
7 . . ‘ . - hr Be 25¢ Ps 
j ° eo. a oe q 
* * ° a , J * * . . * 
é 
T 
* * -« ® sce * *# . aia ' 
. . * . ® e , e * ® . * @ * ; 
or Tey 
. * * . * + - » “ ° ® * -# e ' fis taal : 
} * ia 
ag * * - . o - - * @ e a * * a e * . {os 
. ' * * ._- * * * smizate Ret 
Vv ’ . » 4 . * - * . « 
- is at " > 
ah) » 5 ' Pewetiatk 2 ay SR OF FF . 80476 : i) he % wo 4 7 


Loe “ele elt, Wee) oe oA ian IpeaGi 

rs . “ . e ° ° J . » ant Lege , Pd yy] q ve ite 7 7 

7 a ers 4 Sea te gat lpere ’ ‘3 veto? ~ 

een ST _« « « spukiqure aEanged lonetithhA <2 

es —_~ 4 ok ee a leone ess Seeeree reoqe? an! 
; ’ -_—— 





TABLE OF CONTENTS (Cont. ) 


PAGE 


REO Latom nmi LoCUos OMe MeMise Ns Ts) a" fc 4 us Ge ess ess ee 24 
ACOMDEZALLON atau ck) eke St, SP ORAS © Oy i See 24 
Spray Deposit eeeeenaat 

LOC eer Este lies Po el he ee See ee te ee 25 
PEERY = So Oe tencin tl ee ie nee a ee S31 
Drift Assessment. . . trie pee a a ae ene 36 
Additional Deposit stuaye re ee ee Se ee se 37 


emt Phen aRUNEOREGON Br sess 6 % 2 ef-s + + Ges 8 40 
Ee eC Rhy i aes eens se Ue ct ss St eo wee Ne ae 40 


Pee RAGS AND METHODS wees fea p en. See Fos 8 Ak tk. 40 
LNCS Gg ye ky SPL oS ee ee. 40 
eae eee a eee ree ere eee cer eye, Pe es et ik te 8 40 
EUS ee, eee stems Se Be ee ee ew ee te et 4l 
RSW RMS Ce le Set MeN il oy ile ler aie eae ih Elec 41 
SVSEL ERO Tb OWES Wena re ch eS ye is rg eer 4l 
yO eps Se Oi Mi. Sebi ay Bak re ie ie een | le a 4l 
Spe syevia Ce ony Leno fe ss 5 Pees Ss 8 Ss 42 
Se ormUCDOS CPRAUNALVS LS aie cge Gy wie) fie ee es 42 


RESUPESMAND MD MSCUSS LONG eee ee chee Ce Te IES, 43 
Atomization .°%”. eee ee See eS ee 43 

Spray Deposit Weseaament: dP ty SO ay ae pee ee 43 

Dei tmaAseessment. eae s Se FA SS. Me Ks 46 
CONCEUSTIONS Beemer ee es ae tS eS oe le 47 
REG RG NGH Sa GilelG |) weemCMnC RES SNE hel co's cee «be as) © opie we 50 


AEP ENDS tener EP Se oR ote Spice ls 3 6.8 8 3 5 8 3 Sf Fe DL 























ABS 2) i oe en , * ‘ on ©, woree0 ard vA arava 

< alae vs | Se ot. Cee 2 «2 «we Ole es fo2tss hmotA. 
awaascsen tisoqsd  ra1q4, 

<a oa oe » SecA. ee a) = ie al a © /fertoas 

Lé ee. ¢- & pe eG aw ae Foe © “se = . eotriye 14 —_ 

ae . 4 = ££ i peg ye fe 4 » < .Jasamasaca 23300 


te + * * ‘ ‘ * « . ’ * +s Woot? rleoqed fans EV TRBOA 
i .<g. ee oereeeeae HOT WI TM TREKS CIERE 


ar * . . . - « ” é . * . . . * . * &£ * *& + - = 


Ob . wb be wel we cen ah ERR GMA) CALI An 


ahh ss aloe ee ee eer ee oes} 
if : _* #  o ble, WW a eee 6 ea ee mg teed 
fe shee ee ee oe we ee ele ¢ Sg ieps 
is _— lg iv « Soe lee ee Qa whee, 2 et taieetos 


Le o fem hy sews - » « » @@b9ealiagA yesge 
TA . _ = @ 4 -ece *h a - antigens? Steorsd Ys 742 
a, a) A a SS te te ~ sgntiquat Firm vazer 


’ ‘ + « « we eo + elbagieah Bleaqad yates 
CA ek ae ee ee ee « 2 = RRO OO OMA at 9eaN 
a. : . Pi , + , + « a = 2 6.6 fin? fst tay a 
\ |. or a er oe me sno $fecqed vew? 
? ' > € «se & © @&.a , . Sevemeen2eA ay at 
‘+ > * . © + = « > -—* = & eo €/@ Oo es «+ & (8 = eve. aoc . 
Oc - " ° ° * . . . » . e * LJ ® > “« . - «= * “aTI9 2 i ASTSA 


ee »ARQWNSTA 


Lisitmotehables 


Table Page 
1 -—- Summary of flow rate data for Zectran and pyrethrins 

TOCMULALLONA cu Bim cei ieeisribtaie? << G25bea i... swe 52 ye ue 9 
2 -- Summary of meteorological and other pertinent data 

CEOm. (hens DenaerOUnCMGe AUG. © sews mle. Esk geS.s as .* a0 ue is 10 
3 --— Atomization data from the open-ground tests... . Ld: 
4 -—- Summary of deposit and Douglas-fir tussock moth 

moyta Lily fOr. open-sround, airporteitestslecmel.! «facts 17 
5 -- Summary of the amount of Zectran spray deposit 

recovered from the aluminum plates and the number 

of drops counted on the white Kromekote cards... 26 
6 -— Summary of the estimated amount of Zectran spray 

recovered from the foliage samples ........ 27 
7 -- Summary of the amount of deposit recovered from the 


aluminum plates and the number of drops on the white 
Kromekote cards from the two pyrethrins applications 32 


8 --— Summary of the estimated amount of spray recovered 
from the foliage samples collected from the four 
cardinal directions of the tree midcrowns.--First 


Be ee OU BOI Vic Wyte elisa ts iss sce =. fel ete: 5 08 es 33 
9 -- Estimated Zectran deposit sampled at various tree 
eee) eC My ete gre eta eles oe ele cs we 8s 38 


10 - Summary of the amount of spray deposit recovered 
from the aluminum plates and the number of drops 
on the white Kromekote cards. JZectran test, 
eee ae OTN aes as es a nthe es ce 8) 4 6 44 




































“abldet to yan 
> 
jeorwy bow pexgssS god eteb eter vol? ic yisemas® — 
_ 3 & wot See eS Se Sle © ee scotsalu@aiot _ 
a ak ~3t aad4> bas Lestgol orcsten to yee 5 
: : . .egaed brewova-nsqo od) wotl 
7 ot Fcc I74-" age 7 E mci t iy Se aod ‘ear om £. 
. 
As i4 +ve3<erlaqued bos diaogel) to YTesuwe -— 4 
« » R78 freqzuls boyatg-a9qo 18) yitiasiiosm 
tleaqeh entga oetiosS to iavama of] to yTenmue — < 
yo eusi if bos eetelg omirteaw i o af4 @oTl Se veveos 
eb ‘ota@wowt ot }fw acd no bs )are gore 30 
to snvoms botenlies and to ieee 
, . » +s » sehqmse sgetiad adi-mom be saves 
be1secoet Jkeegab Yo savomes ans 90 visemes! — F 
13 5 xwedewn add bas eedela cwciasle 
si tq yliegve owt sd2 2073 ebtso etodomotA 
avo jatge Io JnucHs tetiatizs od7. >. ys 


“not ef3 eort beilzeifes esalgquss ganitiol sdt ao77 
taxh%-—.anwowbio sett sf) To anotsce 716 Lantbreo 
. « +» «¥lao nol saotiqgs 


* . . . ‘ . . . * 
* 


a1) swoltev 38 boladsa tledgsd oasdo9S bajectsad — 


> eve * oa ee oe 8 «+» SHOtIEOL 
_ _ 
beso vu2eT tkeogeh ysage Jo Jnvems ody Yo yromme? - OL 
& to tedaua afd bos zotalq pwoteule ef3 mom 


tees dexts4S  cabteo stoism vl siidw ‘eft nO 
- * * * ‘ O] . -noge iQ - abused 


r as 


r) ’ . . . . « . 


ey 
ey 


List of Figures 


Figure Page 
1 -- Deposit patterns of the Zectran formulation across the 

spray swath of the open-ground tests. ...... aS 
2 -- Deposit patterns of the pyrethrins formulation across 

Lemon GayeswalLNmiaingeoUlG Nozzle tips... 1%... - « 14 
3 -- Deposit patterns of the pyrethrins formulation across 

Pnewapeavecwalneusine cols nozzle tips... . < ss . = 15 
4 -- The relationship between the Zectran deposit recovered 

in the open and the deposit recovered from the tree 

(OLlaceee Tee eee ce ee eee, CF. Ee ORES Ait et pie .129 
5 -- The association between the pyrethrins Soares in the 

open (gpa) and the drop density (drops/cm¢) Sheet a5 
6 -- The average Zectran deposit sampled within the various 


ELeomlOCe GLONnS eee eee. FA Le, 2) PORPRE .9Gr cen. si Bd 





Appendix Page 
A -- Deposit data from the 1972 Zectran test, Riverside, 

WEIGILLIIS Ol) teen hme EO eR ecle tons ta | 6S. ms. iol be a 
B -- Spray deposit recovered from the foliage, after the 

Zectran application . =p 
C -- Deposit data from the first appliaation, 1972 pyrethrins 

test, Oroville, Washington. . . Oe ana : 55 
D -- Deposit data from the second application, 1972 pyrethrins 

Pe etemOrO UL le mWAG ING CONS 5 10 45h at ye ets oh a eres 58 
E—— Spray deposit recovered from the foliage after the first 

Dad CliramMaer appl cacLon.uroug herds io lie cl ol} -o od per GS 60 
F --— Deposit data from spray plot 1Z, Zectran concentration: 

Oplseibezectran/eal. 1972 Zectran tést, LaGrande, Oregon ~ 62 
G -- Deposit data from spray plot 2Z, Zectran concentration: 

0.15 1b Zectran/gal. 1972 Zectran test, LaGrande, Oregon 64 
H -- Deposit data from spray plot 3Z, Zectran concentration: 

0.30 1b Zectran/gal. 1972 Zectran test, LaGrande, Oregon 65 


(stad 


List of Appendixes 





















|. pie ne 
i : 
mad 7 
: a 7 Won 1, 2F 2 
ABB? r2 — Ribera 
veer Gre : Da ase 
obteiavill’ .9¢s4 Gmeioet: shit 6 ant ood ak | A 
fe «“e wae’ & “Se 2 38 Fae 
vit IP %h oohbet and, cashes Rotana? aEwogqed waxy? : ~— @ 
Pa One er 1 an » Motreotiqga allied : 
aw iulzesvq STOEL joel septiggn sab? af mort e1sh 32 —_—9 
ae , ee a ee = » «+ atergeliae’ asltiivensd , 


, 4 C9! ,nobtestiogn Baosee St) mod a2eb keunsd ~ 
Be ~. . big wa i. oy apigatiiewl ,efinyes. , i905: 


‘erTet oo ved ti geiolo? afig mad beveyone? gtengeh yard -- JG 
ar) err ee s« 5 <abtveaiiqge éealintes cq 


tz 


:pobistideonin aviogs ,S6 sofa garqe mort giet tieoqel = 7 


s \ / 


ch coyn7O ,ohtieiwed , ioe eeviget SUGL -fag\nazing? die) 
i jJaviteged ceyiued 3S @ély vatar wey) a32h Stecqed -— @ 
ia sag »#bneviea!l , fest newnes SVL .feg\oawtsss df clo 
2 ida TF ie 4 deeioeS.,S2 ouig werge coat sdah dlenqsl ~= Be 


mvt , show se jas! vetiess Cyel fae inartos= di 0£.9 > 


5 Re li | 
SUMMARY 

Open-ground airport tests and field experiments were conducted 
to nerernine the effectiveness of Zectran and stabilized pyrethrins 
for controlling the Douglas-fir tussock moth. The spray deposit 
assessment indicated the spray coverage of the aerial applications 
of the two insectitides. 

The Zectran formulation containing 0.15 pound of Zectran per 
gallon of spray was applied to three test plots; one in the State 
of Washington and two in the State of Oregon. In an additional 
test plot in Oregon, a Zectran concentration of 0.3 pound per gallon 
was appliec. The application rate for all the Zectran treatments 
was 1 gallon per acre. 

A stabilized pyrethrins formulation containing 0.1 pound 
of pyrethrins per gallon was applied to one test plot in the 
State of peer Two pyrethrins treatments were applied 
7 days apart to the same test plot. The application rate for 
both pyrethrins treatments was 0.5 gallon per acre. 

The results of the spray deposit assessments show that the 
deposit coverage was adequate for the Zectran treatments. The 
average deposit reaching the ground was 0.494 gallons per acre 
for the Washington experiment and 0.316 for the experiment 
conducted in Oregon. The deposit coverage achieved with the 
pyrethrins application was considerably less, with only 14 percent 


of the spray reaching the ground in the open. 
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COMPARATIVE STUDIES OF SPRAY DEPOSIT DISTRIBUTION OF ZECTRAN 
AND PYRETHRINS USED AGAINST THE DOUGLAS-FIR TUSSOCK MOTH IN 1972 


by 


John Neisess, Bohdan Maksymiuk, R. A. Waite, and M. J. Haskett 


INTRODUCTION 

Periodic outbreaks of the Douglas-fir tussock moth, Hemerocampa 
pseudotsugata, caused considerable damage to the fir forests 
of the Pacific Northwest. Since the banning of DDT for forest use, 
there has been no registered insecticide available for controlling 
the Douglas-fir tussock moth. Zectran and stabilized pyrethrins 
were selected as candidate insecticides for field experiments to 
test their effectiveness against the tussock moth. Both insecticides 
are nonpersistent, breaking down in light and air within a few hours. 

The field experiment was a cooperative project of Region 6, 
the Insecticide eee TiaeiGa Project (IEP) of the PSW, and the “Aerial 
Application Project (AAP) of the PNW; the Oregon Department of 
Forestry, and the Washington State Department of Natural Resources. 
The general objective of the AAP was to provide technical input for 
a successful field experiment comparing the use of Zectran and 
pyrethrins for the control of the Douglas-fir tussock moth. 

Whey using Beet slaved insecticides, precise aerial application 


is especially important to ensure satisfactory coverage to 
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obtain high insect control. Deposit assessment provides an adequate 
measure of the application technique, and is therefore a necessary 
constituent of any field experiment testing the effectiveness of 
insecticides. This report describes the results of spray tests 
conducted at the airport in Corvallis, Oregon, and the spray deposit 
assessment from field experiments in Washington and Oregon. The 
correlation of the amount of spray deposit with the degree of 

larval mortalities for the field experiments will be published 


elsewhere. 
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AIRPORT TESTS 


The open-ground tests were conducted at the 50-acre aerial 
application site at the Corvallis Municipal Airport. A Bell 47G 
helicopter was contracted for the tests. The Zectran test was 
conducted April 25, 1972, and the pyrethrins test was April 26. 
A second pyrethrins test was made June 13. A 500-foot-long 
rotating platform facilitated the performance of the tests and 


allowed for either upwind or crosswind test flights. 


OBJECTIVES. The specific objectives of the airport tests were 
as follows: 


1. To calibrate and determine the performance of selected spray 
equipment and spray formulations. 


2. To determine the spray atomization and physical and biological 
swath widths for both insecticides. 


3. To test and improve qualitative and quantitative deposit 


assessment methods for Zectran and pyrethrins formulations. 


‘ 


MATERIALS AND METHODS. 

Calibration--The spray equipment was calibrated to deliver 1.0 

and 0.5 gallons per acre of the Zectran and pyrethrins formula~ 
tions, respectively, assuming an effective swath width of 100 poet 
and an air speed of 45 mph. The flow rates for the desired nozzle 
tips (TeeJet 8003 and 80015) were determined using a small 
capacity (1 gallon) hand sprayer. The formulations were sprayed 
for one minute intervals. The spray was collected and measured 


with a graduate cylinder thus providing the flow rate per minute. 
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Design--Three test flights were conducted using the Zectran formu- 
lation. The formulation was sprayed through twenty-two, 8003 
Flat Spray TeeJet (Spraying Systems Co. )2/ nozzles with an 
ambient spray pressure of 55-60 psi. Four test flights were flown 
during the first pyrethrins test: three flights with a spray 
pressure of 60 psi and one with 40 psi. TeeJet 8003 nozzles 
were used for the first pyrethrins test. In the second pyrethrins 
test, three test flights were made using 80015 TeeJet nozzles. 
Two flights were made with a spray pressure of 60 psi and one 
with 40 psi. The nozzle orifices were pointed forward and down 
45° to the thrust line of the helicopter for all the test flights. 

Sampling stations for each flight were set up at 10-foot 
intervals along the 500-foot rotating platform. Each sampling 
station consisted of two aluminum plates (6" X 6'') and one white 
Kromekote (5'' X 4") card. For the second pyrethrins test, a 
magnesium oxide (MgO) coated slide was also placed at each sampling 
station. Twenty minutes after each flight, the plates and cards 
were collected for laboratory analysis. The deposit, eluted 
from the aluminum plates, provided data for the physical swath 
widths and deposit patterns. The spray atomization was deter- 
mined from the deposit on the white cards, and in the case of the 


second pyrethrins test, from the deposit on the MgO coated slides 





1/ Mention of the name of the manufacturer or a product does 
not constitute endorsement by the U.S. Department of Agriculture. 
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On some test flights for each insecticide, a potted Douglas- 
fir seedling (1-1.5 feet high), holding 20 second and third-instar 
tussock moth larvae, and a petri dish, containing 10 larvae, 
were also placed at each sampling station. Pinolene was wiped on 
the inside edge of the petri dishes so the larvae could not crawl 
out of the dish. The insects were placed on the young fir trees 
three or four days prior to the spray tests to allow time for 
the larvae to become settled on the foliage. Perforated plastic 
bags were placed over the plants to act as cages. At the test 
site, the bags were removed just prior to spraying and replaced 
immediately after the deposition of the insecticide. Any larvae 
that had fallen from the trees either because of the spray appli- 
cation (knock down), handling, or wind,were placed back on the 
tree before rebagging. The'insects and plants were held at the 
laboratory for bioassay. 
Formulations--The Zectran formulation consisted of one part FS-15 
(Zectran-Dowanol TPM concentrate) mixed with nine parts fuel oil 
#2. The resulting concentration of Zectran was 0.15 pound per 
gallon of spray. To this finished formulation, 3./85 grams 
(0.1%w/v) of the fluorescent tracer, Rhodamine B Extra base 
(GAF Corp.), per gallon of spray was added to facilitate deposit 
assessment. 

The pre-mixed pyrethrins formulation (MGK pyrethrins formu- 
lation 7076) was furnished by the McLaughlin Gormley King Company. 


The ingredients were: 1.44% pyrethrins (.1 1lb/gal), 5.6% petroleum 
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6 
distillate,89.20% heavy mineral oil, and 3.60% inert ingredients 
(stabilizers). To each gallon of pyrethrins formulation, 3.785 
grams each of Fluoranthene (Aldrich Chemical Co.) and Oil Red 
dye (Allied Chemical Co.) were added for depesit assessment 
purposes. 

Tank samples of the complete formulations were collected 
prior to spraying to determine the actual concentration of the 
fluorescent tracers. 

Spray Deposit Assessment--The spray atomization was determined 
by the drop-size spectra method (Maksymiuk, 1964). 

In the laboratory, the spray deposit was washed from each 
of the aluminum plates with 10 ml of the appropriate solvent: 

95% ethanol for the Zectran formulation, and spectroscopic grade 
benzene for the pyrethrins formulation. The concentration (g/m1) 
of:the hese tracers was measured with a Model 430 Turner 
Spectrofluorometer. The concentration values (g/ml) were corrected 
for background fluorescence from pre-spray samples and percent 
recovery. The percent recovery had been predetermined by applying 
known volumes of the formulations to aluminum plates, and the 
deposit was then determined by the method described above. The 
comparison of known deposit to calculated amount gave the percent 
recovery. The percent recovery from the aluminum plates was 
virtually 100% for both Zectran and pyrethrins formulations. The 
deposit in terms of gallons per acre (gpa), per sampling station, 


was calculated using the actual tracer concentrations from the 
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tank samples, the amount of tracer removed from the plates, and 


the area of the plates. 


GPA=(&:dye x 190-7) (lof wash) (4.356 X 104 sq ft/acre) 
Cx ) - dye/ga : SdeeeApiila te 


The number of spray drops per sq. cm. of Zectran deposited 
on the white Kromekote cards were counted under a dissecting micro- 
scope using an ultraviolet light for illumination of the fluores- 
cent deposit. Since the Fluoranthene used with the pyrethrins for- 
mulation was colorless, the red dye was used to make the deposit 
visible. The large spread of the mineral oil formulation caused 
the drops to spread excessively, making them almost invisible. How- 
ever, when a light was directed up, through the card, the drops 
could be counted with the aid of a microscope. 

The deposit (gpa) per station was plotted versus the dis- 
tance across the spray swath. The resulting graphs illustrated 
the deposit patterns of the ao age 
Biological Assessment--The mortalities, of the Douglas-fir tussock 
moth larvae caged on the potted trees, were determined 6 days 
after the day of spraying. The survival ratio per tree was 
determined using the number of insects, both living and dead, 
found on the trees. The larvae in the petri dishes were trans- 
ferred to clean dishes containing artificia] media. The dead 
insects were counted and removed daily for 10 days after the spray 


test. Ten control (untreated) trees and 20 unsprayed petri 


dishes were used to determine the natural mortality. 
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Mortality across the spray swath indicated the biological 
swath widths. On the second pyrethrins test, no petri dishes 
with larvae were used and an initial 4-day larval mortality 


on the trees was determined. 


RESULTS AND DISCUSSION 

Calibration--The flow rates for both the Zectran and pyrethrins 
formulations are summarized in Table 1 for two spray pressures 
and two nozzle sizes. Since the flow rates of the two formula- 
tions were approximately equal, the fuel oil TPM mixture (one 
part TPM in nine parts fuel oil #2) was always used for the 
initial calibrations of the spray equipment, thus avoiding the 
handling of and exposure to large quantities of toxic materials. 
Meteorological-—~Meteorological and other pertinent data for the 


open-ground airport tests are summarized in Table 2. The wind 


direction and speed were monitored continuously during the tests. 


4 


Helium inflated balloons were used to determine the wind move- 
ments at the height of 50 feet. In general the meteorological 
conditions were significantly more favorable for the pyrethrins 
tests than for the Zectran test. 

Atomization--Three estimates of the mass median diameter (mmd) 
were made for each test flight (Table 3). The average mmd for 
the three Zectran flights was 155 with a standard. deviation of 


16.6 microns. 
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Table 1.--Summary of flow rate data for Zectran and pyrethrins formulations, 
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Nozzle Spray Flow rate/nozzle, gallons per min. 
size pressure, 
psi pyrethrins Zectran H,0 Fuel oil #2 
formulation formulation?/ 


a aS ee a a ES aS SSSR SS TR a a 


8003 40 0.3300 (.0030)b/ 0.3274 (.0004) 0.3031 (.0038) 0.3194 (.0022) 
8003 60 0.3949 (.0031) 0.3978 (.0043) 0.3754 (.0020) 0.3880 (.0035) 
80015 40 Ors 320.0000). a - - 0.1501 (.0002) 
80015 60 0.1925 (.0023) - - 0.1886 (.0009) 


$$$ $$ sr C- ev OE 


a/ For the calibrations, the Zectran formulation contained only Dowanol TPM and fuel oil #2 mixed one to nine. 


b/ The standard errors of the means are at the 5 percent probability level. 
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Table 2.--Summary of meteorological and other pertinent data from the open-ground tests, 
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Insecticide Flight Time, Appl. Nozzles Boom ogical conditions 
& date no. aM. rate, pressure, cemperaturem(n) rE 
gpa size no. psi P weather 
2 ft asa Set, @50 ft. mph. direct: 
Zectran 1 6:30 a0 8003y 22 60 ADO 44.0 44.0 5-8 SW cloudy & 
4/25/72 showers 
2 Inve hs) eU 8003 ie 55-60 SiSre S02 By 9) 4-6 SW cloudy & 
showers 
3 10:10 Veeaw 8003 22 53 “eT RY) Sl - L=2 NE cloudy 
Pyrethrins is 6:10 Oe BU0S ee Lt Do 36.0 36.0 eye 2 NE sunny 
Poy) 2 | 
Zz 72.00 Ones 8003 11 54 54.0 46.0 47.0 O-1 W sunny 
3 ise we OSS 8003 ata 53-54 5130 48.5 = 4=5 N sunny 
4 8200 ees) 8003 14 40 3.0 oe = a—) NE sunny 
Pyrethrins a O225 O50 80015 23 60 53.0 oy al Sy TAL is NW sunny 
6/3/72 
2 eae Das 80055 23 60 61.0 64.0 ie ie NW clear 
3 8:50 0.5 80015 29 40 65.0 63.9 58.0 3-4 NE cloudy 
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Table 3.--Atomization data from the open-ground tests, 
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Insecticide Flight Spray Atomization Surface 
no. press., (mmd) , 
psi. microns 
Zectran 1 60 136 ‘Cae Kromekote card 
2 55-60 L67_ (10.58) Kromekote card 
3 55 $62. (61 32) Kromekote card 
Pyrethrins (lst) 1 SE) 27S“ (S5TS2) Kromekote card 
2 54 205 (80.4) Kromekote card 
3 53-54 322 (88.4) Kromekote card 
4 “40 258 (78.8) Kromekote card 
Pyrethrins (2nd) i 60 210 (3952) Kromekote card 
159 Mgo slide 
2 60 283 (34.0) Kromekote card 
186 Mgo slide 
3 40 263 (138.0) Kromekote card 
236 Mgo slide 








a/ The values in parentheses are the standard error of the mean at the 


5 percent probability level. 
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The results of the first pyrethrins test were confusing 
since the mmd obtained with 40 psi (258 microns) was actually 
lower than the average mmd obtained with 60 psi (267 microns). 
However, the large variations involved make the small difference 
insignificant, especially since only one flight was made at 40 
psi. Since the large spreading ability of the mineral oil formu- 
lation was not a problem with the MgO coated slides, as it was 
with the cards, the estimates of the atomization using these 
slides are more accurate than estimates from the white cards. 
In the second pyrethrins test (80015 nozzles), the average mmd 
using 60 psi was 172 microns while 40 psi resulted in a 236 
micron mmd (MgO data in Table 3). These results are more in line 
with the usual spray pressure-atomization relationship. These 
results showed that the MgO coated Rae should be used during 
the field experiments with the pyrethrins formulation for an 
accurate determination of the spray atomization. 
Spray Deposit Assessment--The physical swath widths and deposit 
patterns for the various tests are shown in Figures 1-3. The 
effect of the meteorological conditions (Table 2) especially the 
wind speed, are very apparent on the deposit of the Zectran oe 
mulation (Figure 1). Flight #3, conducted under favorable 
meteorological conditions, resulted in higher deposit across the 
swath. The same effects are seen in the two pyrethrins tests-—~ 


favorable weather conditions generally resulted in higher deposit. 
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The average spray deposit and Douglas-fir tussock moth larval 
mortalities, across 100-and 200-foot swaths, are summarized for 
each test flight in Table 4. The deposit from flight #4 of the 
first pyrethrins test series was not analyzed because of the lack 
of time and the need to reuse the aluminum plates for field tests. 
Since the atomizations resulting from the 60-psi applications 
(flights 1-3) were coarser than desired (Table 3), deposit infor- 
mation from the 40-psi flight would not yeild any new information 
needed to make technical recommendations for the field test. 

In the second pyrethrins test series (using 80015 nozzle 
tips), the 60-psi spray pressure not only resulted in a finer 
atomization (Table 3), but also produced higher average deposit 
(gpa) across the 100-foot swath width, than resulted with the 40- 
psi spray pressure (Table 4). The striking result, however, was 
the insect mortality (Table 4). The 40-psi flight had the higher 
mortality even with the lower deposit. It is hard to evaluate 
the differences between the 40-and 60-psi applications because 
the weather conditions were noe consistent and no replicate 
flights were conducted with the insects at the two spray pressures. 
Since the flight with 40-psi pressure gave the higher mortality, 
the decision was made to use this pressure with the 80015 nozzles 
for the pyrethrins field experiment. 

The second interesting result of the airport tests was the 
higher larval mortality achieved with the Zectran. Here again, 


the variable weather conditions, the different insecticide concen- 
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Table 4.--Summary of deposit and Douglas-fir tussock moth 


mortality for open-ground airport tests. 





Insecticide Flight Mean deposit, gpa Ave. corrected % mortality 
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trations (0.15 lb Zectran/gal vs. 0.1 1b pyrethrins/gal), and 
- application rates (gpa) make any true comparison of the two 


insecticides impossible. 
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FIELD EXPERIMENT IN WASHINGTON 


OBJECTIVES. The specific objectives of the AAP for the field 


experiment were as follows: 


1. To provide quantitative deposit assessment data for the 
evaluation of the effectiveness of the two insecticides. 


Uometoecetect. if any. the presence of spray drift in the check 
plots. 


3. To test and improve the spray deposit assessment techniques. 


4. To attempt to correlate the results of the airport tests with 
the results of the field experiments. 


MATERIALS AND METHODS. 

Area--The Zectran plot contained 400 acres of predominately second 
growth Douglas-fir forest. The treatment plot was located near 
Riverside, Washington, with the aaa oeen positioned about two 
miles from the treated area. The pyrethrins test was conducted 

on a plot located near Oroville, Washington, containing 345 acres 
of mainly second growth Douglas-fir. The check plot was located 
about 3/4 of a mile from the spray plot. 

Design--One treatment of 0.15 pound of Zectran per acre was 
applied to the Zectran plot on June 27, 1972. The Zectran "erntee 
lation was applied at the rate of one gallon per acre. One treat— 
ment of 0.05 pound of stabilized pyrethrins per acre was applied 
at the Oroville plot on June 22, 1972. The application rate was 


0.5 gallons per acre. A second pyrethrins application was made 
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20 
seven days after the original spraying, at the same dosage rate. 
Both insecticides were applied when most larvae were in the second 
anasthitd instars. 

Equipment--A Bell 47G helicopter equipped with conventional Simplex 
Spraying equipment was contracted for the tests by R-6. Twenty- 
two, 8003 TeeJet nozzles were used to deliver the Zectran formu- 
lation. The nozzle orifices were directed backward 180° to the 
thrust line of the aircraft. The spray pressure was 60 psi, and 
the spraying speed was 45 mph. The pyrethrins formulation was 
delivered through twenty-nine, 80015 Flat Spray TeeJet nozzles 
with a spray pressure of 40 psi. The spraying speed of the 
helicopter was 45 mph. The nozzle orifices were directed forward 
and down 45° to the thrust line of the helicopter. 
Formulation--The same formulations were used as described for the 
airport tests. The formulations were mixed, the day before each 
test, in a 250 gallon mixing tank ‘provided by the contractor. 
Tank samples of the formulations were collected prior to 
spraying for bioassay (IEP) and to determine the actual concen- 
tration of the fluorescent tracers (AAP). 
Spray Application--Both treatment plots were sprayed in about the 
Same manner. The helicopter sprayed up and down hill, moving 
across the plots with 100-foot spray swaths. Flagmen marked the 
swath spacings, and the corners of the plots were identified with 
large fluorescent orange markers. The spraying height was about 


50 feet above the tree tops. An observation helicopter assisted 
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the spray aircraft to line-up the swaths. The flagmen, weathermen, 
helispot, and observation helicopter were in constant radio contact. 
In general, the weather conditions were favorable for both Zectran 
and pyrethrins applications. 

Insect Sampling--All Douglas-fir tussock moth population assess- 
ments were conducted by personnel from Region 6 under the direc- 
tion of Dr Carroll Williams of the PSW station. The mortality 

data from these tests were analyzed, and the results will be pub- 
lished by the Pacific Southwest Forest and Range Experiment 
jontety 

Spray Deposit Carine ani the treatment and check plots, four 
clusters of ten trees each were located along a rough transect, 
about 500 yards long, perpendicular to the flight line of the 
helicopter. Each cluster contained Sse a3. csou Chain area » 

and the clusters were separated from each other by at least five- 
chain intervals. These ten trees,were sampled for insect mor- 
tality and spray deposit. The sample trees were selected, based 
on their size (20-50 feet in height) and accessibility for sam- 
pling (in open or semi-open situation). Two aluminum plates 

(6"X 6") and one white Kromekote card (4" X 5") were placed 

under each of the 40 sampled trees in each treatment plot. The 
plates and cards were positioned at the ground level under the 
trees, approximately below the midcrown of piewitrecs——-onésa Lumi= 
num plate and the white card on the north side and the other 


aluminum plate on the south side of the tree. Another pair of 


























etm uM Ss Eps . Wwe 13 oT cal iJAve ois a “> Lt of “‘stexiate. rs ag 4 


. ey? 
Joniaos othe ~ieed nov oF a26~ Yosqueilead eolsavtreedo bos - 3098 


7 7 — 
npitesS dgod wel sideroect epee eeolgtinos yeiraew arts 7 ied 


anottaolts dqh. & se ae 


ys tes 
-gagesn Soltaligug dian gocecw +h °-pal pact! (la-~gni iL. 


~satth 207 irshwe .2 nobget moil isan aq YY > water o om: 


a 


* ay (Ff 
yiiint’a@e. sat. .2a te WEY arts te aaa) tT LtW Cloreng wt: ‘ 
‘dug od JLiv edipe Uh Ons , Serylans OTS¥ afae) wats cont > 
di baeex3 asch®? tas dentet sgowisuc? siiisad “dz ¥@ 


ol 
' 
wits 2 | sfo xvpoeao baw ium tia ; wiry a2 iy re ~gail yued JI2qo08 AL 


_ 
senavt 4qeo: 2 poole Gatcmel ovew dose ens7] oe 3 Be 
sit io sal s4ytl? wd? go veluothneqreg,,gac! sbvey OGE 

; . 

60% notes © £ E 6 tuods beolainos tste0/2 do89 wee 

> 7 

-ovit? teeal 2a vd ‘toddn dose west betetaqse stew sis7eu te eg 
a 

~~ toscot 291 helqmee eiae,agexd aei santt -alavastat 

: > * 

beaaed ,bstoslae sgaw coors siqase sd? »thaogot ceige Sie 32 
~w4a2 ro? w744 hdl ae D & vin i tdgiod al 16s1 02 Of} ects) tn 1: 
sesetqg avalos’) evt .(aeiteette meqe-ia@e 10 naqe aly oe 


boonts avew ("2 % “*) fee efaideedas esidv eas baa 079: 


_ 


wT ..del¢. Shegtoey? Home an snart halgnae 02 #132 3a Hom * 
ony wba) ievel bain rls is henetstaog tse sh30, in 
~hevwlh ano --seect 942 to meotsihe als wold 
asfic af» Sos shig dance O18 ile 


tn aheq teodinnA -8035. 017 > able a 


22 


aluminum plates and a white card were placed in the nearest 
adjacent opening around each sample tree. This design allowed 
for a comparison of the deposit reaching the ground, both in the 
open and under the trees. The plates and cards were placed in 
the field the day before spraying. Immediately after the spray 
application, the pairs of aluminum plates were collected, placed 
face-to-face (deposit sides together), and stored in slotted 
boxes for transportation. 

For the first pyrethrins application, magnesium oxide 
coated slides were also placed in the open with the aluminum 
plates and white cards. The MgO slides were used to determine 
the spray atomization. 

Foliage samples were also collected immediately after the 
spray application. The samples consisted of four, 10-inch twigs 
taken from the midcrown of each bar tree with a pale pruner. 
These samples were collected fromtthe four cardinal directions of 
the trees and placed in brown paper bags. The tree number and 
sample direction (north, south, east, west) were recorded on each 
bag. The bagged foliage samples were transported to the Corvallis 
laboratory for spray analysis. 

Pre-spray foliage samples were collected at random through- 
out the treatment plots the day before each spray application 
for the determination of background fluorescence. These samples 


were used to determine the extent of natural fluorescence occurring 


on the foliage (backgrourid). 

























ta oan ato he banat iew baby goldw w fae aornty’ m0 
bawal in ‘a Fass eid? .@524 ofoeee doce bavowe patnsqo 
alt i sod )hrucdg Oto giilcinass ahengeb odd 20 moriseqnad ay 
vi tanetg 3 4 shiner aria gately ott -20624 341 ebay ney 
vrage aff WJ Vietolivomc>  veeTvarqe @raled (Ab ald bhi 
b ase besodl 5 ste. agué@ls iigion (a 3 ezlry sae, sort i. 
oftele ni teats bie ,f centages =s+le steoqet) 008 alam 

. tolis? ToqaseTs 10% a8 

ev rmo Mmrisstaee rreilaqyy enc wyeTYyy 32st? oda sot : 7 
cvrnimuls ata trlw paqe 6/9 ab bevel cals ste aablig 
sniviajgss oF beer Stay Bebtlea OyF afT .dhiss ot )ilw bna ‘et 
nolissinods qeiqe ) 

n{t toste vyPeuntiemn bets ii tioet@elte gisw eolqren ogatl at 
siwt donkeOl] , apt Yo hedveteire esleme aT nol eoitagi 4 ‘ 
2 a sfoaq o dilw weet &leewa dose To awoxsbin si3 wort oe 
to enotaset hb Turibond Suet ott *metTt betasilo> sew solgaae 
bee twiee s0°%9 ofT aged asgeq avon! af Beoelq bre 
s0-¢9 Babotiess ota Cleow ,ene>’, tapee .ddaon, nokisstih 4 
ei tevwoO of oF DAT TORANSES Stew. eoTQuga SQALiot bogged 
 yelevfon ger: 102 Y 
Nw ds sobas. te tereties gus eaiqeia egetic? yexge- 


ey 


io tet legs. YetGe wipes nner eRe rt) 


éu’ vas Seodt “onan easton) heaeere " a 


sel tiuo.® apde ts teuiz ete 


7 


= 


ie 


23 
Spray Drift Sampling--The one check (control) plot for each insec- 


ticide was sampled for drift using aluminum plates and white 
Kromekote cards. The plates and cards were placed in the open 
along sample lines within the clusters of sample trees. The 
sampling units, of one white card and a pair of aluminum plates, 
were spaced 50 feet apart along the sample lines. 
Additional Deposit Sampling--In the Zectran plot, a fifth cluster 
of ten trees was selected for intensive deposit sampling. Five 
trees were in open to semi-open situations and five other trees 
were in closed canopy Situations. The trees were chosen such 
that each open tree was roughly paired with a closed canopy tree. 
Similarly to other sample trees, aluminum plates and white cards 
were placed under the trees, but only one set of plates was 
placed in the open for each tree pair. Foliage samples were 
collected from the top, the four cardinal directions of the 
lower crown, and midcrown-of each'tree. The samples were bagged, 
and the tree number and sample locations recorded on the bags. 
This additional deposit sampling was conducted to evaluate the 
current spray deposit sampling procedure for tree foliage. 
Spray Deposit Analysis--The deposit on the white Kromekote cards 
and MgO coated slides was analyzed for the spray atomization. 
The spray atomization was determined by the drop-size spectra 
method (Maksymiuk, 1964). 

The qualitative and quantitative analyses of the deposit 
on the aluminum plates and white cards was conducted as described 


for the airport tests. 
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For the foliage samples, 100 needles were randomly selected 
from each foliage sample, after the samples had been dried. The 
needles were weighed, and the spray deposit was removed by washing 
with 10 ml of solvent---30% ethanol for the Zectran formulation 
and spectroscopic grade benzene for the pyrethrins formulation. 
The concentration (g/ml) of fluorescent tracer was measured with 
a Model 430 Turner Spectrofluorometer. The concentrations were 
corrected for background fluorescence, from the average of the 
pre-spray samples, and percent recovery. The percent recoveries 
were 55.4 + 5.0%2/ and 81.5 + 1.0% respectively, for the fluoran- 
thene in the eee formulation and for the Rhodamine B Extra 
base in the Zectran formulation. The amount of insecticide on 
the foliage in terms of micrograms (ug) per 100-needle sample, 
was estimated from the amount of Paeeen removed from the needles 
and the assumed insecticide concentrations. The tank concen- 
trations of Zectran and pyrethrips were assumed to be 0.15 
pound Zectran per gallon and 0.1 pound of pyrethrins per gallon 


for the respective formulations. 


RESULTS AND DISCUSSION. 
Atomization--The average mass median diameter (mmd) for the Zectran 
application was determined from three separate estimates. The 


average mmd of the spray reaching the ground was 208 microns. 








2/ Standard error of the mean is given at the 5 percent probability 
level throughout this report. 
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The mmd of the Zectran formulation is not a true one-app1i-— 
cation result. Due to a faulty pressure gauge, the initial appli- 
cation rate was somewhat less than one gallon per acre (probably 
closer to 0.5 or 0.7 gpa). The helicopter Seog the entire 
first load (70 gallons), before the problem was discovered. The 
spray pressure was increased to give the proper flow rate, and 
the area was resprayed to give the total dose of one gallon per 
acre. Therefore, the treatment was the result of two applica- 
tions---one at a reduced spray pressure which would cause 
larger drops and the other at the specified spray pressure. 

For the eae pyrethrins application, the mmd was deter- 
mined using two sampling surfaces, the white Kromekote cards and 
the magnesium oxide coated slides. The estimates computed from 
the white cards are suspect since the large spread factor of 
the formulation containing mineral oil made the sizing of the 
spot diameters difficult. The mean mmd determined from the 
deposit on the white cards was 319 microns. The atomization 
Bee re rere the MgO coated slides was 200 microns. No MgO 
slides were available for the second application of pyrethrins, 


however, the estimated mmd from the Kromekote cards was 250 


merous 

Spray Deposit Assessment——Zectran-—The summaries of the deposit 
data for the Zectran treatment are shown in Tables 5 and 6. Com- 
plete deposit data are listed in Appendixes A and B. In Appendix 


A, the data for the foliage samples represent the average of the 
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Table 5.--Summary of the amount of Zectran spray deposit recovered 
from the aluminum plates and the number of drops counted 


on the white Kromekote cards. 


Cluster 





in the open 4 

gpa | drops/cm2 

1 0.613 (.115)2/ 95.7%. Une. 6) 

\ 
2 005254(.091) 4826 (520) 
3 0.353 (.060) Oe Grae 
4 0.486 (.096) 73.4 (6.2) 


Deposit 








under the trees 





gpa 


0.230 (.093) 
0.286 (.080) 
Oet74 .G.041) 


OF 16Gu4 7052) 


drops/cm2 





G7 F77(16.9) 
RO Oy a) 
67.409 2:) 


SOE Oe) 








-a/ The values in parentheses are the standard errors of the mean at the 5 


percent probability level. 
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Table 6.--Summary of the estimated amount of spray recovered 
from the foliage samples obtained from the four 
cardinal directions of the tree midcrowns. 
ection | ~—“ Number of eee = Mean’ Deposi ta a ae ee 
samples ' g. dye/10 ml x10-" estimated ug: Zectran 
per 100 needles per 100 needles 





“40 4.782 + 1.1728/ 8.585 + 2.104 
a Besa 40 eee 3.800 + 0.889 8225 16597 
40 DOP EE YN he TAL 6.506 + 1.509 
40 5.239 + 1.397 9.406 + 2.509 








tandard error of the mean is at the 5 percent probability level. 
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Samples collected from the four cardinal directions per tree. 

A concentration of 0.15 pound of Zectran per gallon of spray was 
assumed for the estimates of the micrograms of Zectran on the 
foliage (ug Zectran/100-needle sample). 

Linear regression analysis was used to determine the linear 
association of the deposit (gpa) on the aluminum plates in the 
open eer (1) the deposit on the foliage (ug Zectran/100 needles), 
and (2) with the drops per square centimeter (in the open). The 
relationship between the deposit on the foliage, and the drops 
per square centimeter found in the open was also determined. 
Figure 4 shows a plot of gpa versus Ug Zectran. The linear. 
regressions of the gpa correlated with the deposit on the foliage 
(r=0.77) and gpa associated with the drops per centimeter 
(e=0.5/) were significant at the 0.01 level. The linear regress-— 
ion of prope) a associated with deposit on the foliage (r=0. 37) 
Wwasesipniticant only at the 0.05tlevel’ The high linear regress- 
ion of deposit on the aluminum plates, with the deposit on 
the foliage, illustrates that the aluminum plate data provide a 
good indication of the deposit reaching the trees. The low (7) 
values encountered with correlations involving the drops per | 
square centimeter can be partially explained by the variation 
in the drop size spectra. A few large drops result ina higher 
deposit (in terms of gpa--not coverage) than many small drops. 

The distribution of spray deposit, in the sampled area, 


was quite uniform (Tables 5 and 6); the average deposit (gpa) 
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recovered from the aluminum plates, that were in the open areas, 
was 0.494 + 0.050. However, analysis of variance showed that the 
small differences, in the mean deposit among the clusters, were 
Significant at the 0.01 level for both the aluminum plate data 
and the drops per square centimeter (Table 5). A comparison 
among the means showed the average deposit in clusters #1 and 
#2 was significantly higher than clusters #3 and #4 at the 0.01 
level. For the drop densities, the average drops/cm2 for cluster 
#2 was significantly less than the other three clusters at the 
0.01 level. Analysis of variance also showed there was no signif- 
icant directional dependence on the deposit at either the 0.01 
Ore0,Us levels (lable 6). This is in contrast to the results 
found in last years tests (Maksymiuk, et al., 1971 a, b), in 
which higher mean deposits were found in the direction of the 
air mass movements. 

The difference in deposit ‘(gpa and drops/cm*) , between 
samples in the open and merece aces directly under trees, gives 
a rough estimate of how much spray impinges on the foliage. The 
average deposit (aluminum plate data) recovered under the trees 
was 0.215 gpa, or in-other-words, about 43% of the spray filtered 
through the foliage. However, this does not take into account 
spray that drifts under the trees. Analysis of variance showed 
that such differences were highly significant (0.01 level). The 


average drop size found under the trees was another interesting 
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result. The average mmd of the drops under the trees was 145 
microns compared to 208 microns in the open. The smaller drop 
size can be explained by either the screening of the tree (the 
larger drops impinge to a greater extent) or by considering 
the possible break-up of large drops when they contact the 


needles. 


Pyrethrins--The deposit data for the two pyrethrins applications 
are summarized in Tables 7 and 8; complete tabulations of the 
data are listed in Appendixes C-E. In Appendix C a pyrethrins 
concentration of 0.1 pound per gallon was assumed for the cal- 
culation of the estimated micrograms (Ug) of pyrethrins per 
foliage sample of 100 needles. The foliage samples, from the 
pyrethrins applications, were difficult to analyze since the 
fluorescent tracer, Fluoranthene, fluoresces in the range where 
contaminants, such as pitch and dust, cause background problems. 
These contaminants produced a background reading with the fluoro- 
meter that corresponded to 2.59 X 1078 g/ml (compared to .045 

x 1078 g/ml for the Zectran analysis). The background values 
were quite variable with a range of 1.20 X TOac to 4-12 sX10, © 
g/ml. This type of background reduces the sensitivity of the 
analysis and naturally introduces a certain amount of error in 
the estimates of the amount of spray recovered from the foliage. 


This might partially explain the low values of the pyrethrins 


deposit recovered from the foliage. 
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Table 7.—-Summary of the amount of deposit recovered from the aluminum 


plates and the number of drops on the white Kromekote cards 
from the two pyrethrins applications. 























Appl. Cluster Deposit 
fee De tiewopen «atta under the trees 
gpa drops/cm2 gpa drops/em? 
1 il 0.048 (.024)a/ ae C2..0) OF O21 6.009) Zhe Zab ay) 
Z 0.109 (.069) rome) or) 02043, (.029) LO 35 (oe) 
3 OaLO2ee(2031) LOE on oe) 0.038 (7016) LAO One) 
4 0.044 (.030) Tem) 0.017 (.009) esey dala 
2 ib 0.036 (.028) eo Leo.) O50 21800) a a 2a) 
2. Ono eC] 046) oie tl) so) Omcs65 (2020) 13:9. (44) 
3 0.066 (.033) 13799565) 0.034 (.018) Vebesh ee 
4 OT045 as VLG) ae cree Oe) OQeUsZets Os) 9.5 74.7) 








a/ The values in parentheses are the standard errors of the mean at the 


5 percent probability level. 
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Table 8.--Summary of the estimated amount of spray recovered from the 
foliage samples collected from the four cardinal directions 














of the tree midcrowns.—--First pyrethrins application only. 
Direction Number of Mean Deposit i 
samples 6 
g. dye/10 ml X107 est. Ug. pyrethrins 
per 100 needles per 100 needles 
North 40 0.437 + .525a/ BRAG TEEECNS S52 
South 40 UeGlzere sels Bel?) 4435474 
East 40 Or29Ze0 wet 30 3.666 2°4:630 
West 40 OF 26029419 GeO96es ts e241 


af Standard errors of the mean are at the 5 percent probability level. 
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Since the pre-spray background for the second pyrethrins 
application was even higher than the first (3.43 X iia g/ml), 
the foliage samples were not processed for the second application 
(Appendix D). 

The linear associations of the deposit on the foliage (ug 
pyrethrins with (1) the deposit on the aluminum plates (gpa), 
and with (2) the drops/cm2 on the white cards, were determined 
using linear regression analysis. The coefficient of linear 
correlation (r) were 0.18 and 0.06, respectively, and the linear 
regressions were not significant. These low linear Bee erat ts 
are most probably the result of inaccurate estimates of the 
amount of pyrethrins deposit on the foliage, since the correla- 
tions between deposit on the plates (gpa) and drops/ cm? on the 
white cards gave (r) values of 0.75 and 0.63 for the first and 
second applications, respectively (Figure 5): Both of these 
linear regressions were significant at the 0.01 level. 

The consistancy of application was about the same for both 
pyrethrins treatments (Table 7), although the average deposit was 
less for the second application: 0.076 + .021/gpa for the first 
application and 0.062 + .016/gpa for the second application. 
Analysis of variance showed there was no significant difference 
(at the 0.01 level) in the deposit at the ground level (gpa) 
between the clusters for either application. There was a signif- 
icant (0.01 level) difference in the mean number of drops/cm¢ 


among the different clusters for both applications. In the first 
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Figure 5.--The association between the drop density (drops/cm”) 
and the pyrethrins deposit (gpa) removed from the 
aluminum plates that were in the open areas. 
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application, clusters #2 and #3 had a significantly higher drop 
density than clusters #1 and #4. In the second application, 


2 than 


cluster #2 had more, and cluster #1 had fewer drops/cm 
the other three clusters. Analysis of variance also showed 

there was no directional dependance on the deposit removed from 
the foliage samples for the first application (Table 8). 

As was the case with the Zectran treatment, there was 
significantly higher (0.01 level) deposit recovered in the open 
than under the trees for both pyrethrins applications (Appendixes 
C and D). The average mmd of the drops reaching the ground level 
under the trees (255 microns) was lower than the atomization 
sampled in the openings (322 microns). Since these mmd estimates 
(ae. made from Kromekote cards, the actual magnitudes are most 
likely too large, bacause of the large spread of the formulation 
on the Kromekote cards. However, the trend is the same as that 
found with the Zectran treatment’. 

Drift Assessment--The average deposit, recovered from the aluminum 
plates placed in the Zectran check plot (control), was 0.0003 + 
.00006 gpa. This quantity was greater than the average pre-spray 
background value of 0.00021 + .00005 gpa by at least one Sioned 
deviation. A t-test also showed these means were different at 

the 0.1 tei Although these differences are very small, they 

do Show there was detectable drift into the check area. Since 


the actual amount of drift was so small, no insect mortality can 


be attributed to drift in the Zectran control plot. 
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For the first pyrethrins application, the average deposit 
found in the control plot, 0.0029 gpa, was not appreciably dif- 
ferent from the background value of 0.0024 + 0.0010 gpa. The 
two means did not differ by more than one standard deviation. 
For the second pyrethrins application, the average dope sit found 
in the check plot was actually lower than the average pre-spray 
background sample. Therefore, it is safe to conclude that there 
was no drift into the check plot with either pyrethrins applica- 
tion. 
Additional Deposit Study-—Data for the deposit remaved from 
various tree location and tree canopy situations of the fifth 
Zectran cluster are shown in Table 9. Tree numbers one through 
five were closed canopy, while trees six through ten were open. 
Analysis of variance showed there was no statistical difference 
between the deposit removed from the open or closed canopy trees. 
There was also no statistical depasit dependence on sample loca- 
tion within the tree (top, midcrown, or lower crown), Figure 6. 
The data from these ten trees at least indicate that our sampling 
method, of four midcrown samples collected from open or semi- 
Open trees, adaquately approximates the tree populations. aocereen 
such inferences should be made cautiously when dealing with such 


small sample sizes. 
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FIELD EXPERIMENT IN OREGON 


In mid-July the results of the Zectran spraying at Riverside 
looked promising enough to conduct additional field experiments 
with this insecticide against later instar larvae of the Douglas- 


fir tussock moth. 


OBJECTIVES. The specific objectives of the AAP for the field 
experiment were as follows: 


1. To provide quantitative spray deposit assessment data for 
the evaluation of the treatments. 


2. To detect the presence of possible drift in the control plot. 


MATERTALS AND METHODS. 

Area--The experiment was conducted against the rapidly expanding 
tussock moth outbreak in the LaGrande area of northeastern Oregon. 
This site was chosen because of the large insect population and 
the lack of evidence of any virus activity. The spray plots 
totaled about 1,550 acres of mixed true fir and Douglas-fir for- 
est. 

Design--Three plots, labeled 1Z, 2Z, and 3Z, were treated with 
Zectran between the dates July 22 and July 25. For plots 12 and 
2Z, the formulation contained 0.15 pound Zectran per gallon. The 
3Z treatment plot received a formulation containing 0.3 pound 
Zectran per gallon. The application rate was one gallon per 

acre for all treatment Ries: At the time the insecticide was 
applied, most of the larvae were in the fifth or sixth instar and 


were pupating at the lower elevations. 
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41 
Equipment--A Bell helicopter equipped with conventional spray 
equipment was contracted for the tests. Twenty-two, 8003 TeeJet 
flat fan nozzles delivered the spray with a spray pressure of 
60 psi. The nozzle orifices were directed downward 90° to the 
thrust line of the helicopter. The spraying speed was 45 mph. 
Formulation--The Zectran formulation containing 0.15 pound Zectran 
per gallon, had been previously mixed in Missoula, Montana, for 
a different test that had been aborted. The formulation contained 
one part of Zectran FS-15 concentrate (Zectran in Dowanol TPM) 
mixed with nine parts fuel oil #2. The double dose formulation 
(0.316 Peer entien was prepared at LaGrande and consisted 
of two parts Zectran concentrate diluted with eight parts fuel oil 
#2. Approximately 1.0% w/v of DuPont Oil Red dye had been added 
to the formulation at Missoula for the deposit assessment. 
Spray Application--The spray helicopter flew on the contour 
‘since all the treatment plots were on side hills. The swath 
spacing was approximately 100 feet, however, no swath markings or 
flagmen were used to indicate the swath spacings. The spraying 
height was about 50 feet above the trees. 
Spray Deposit Sampling--The same sampling design was used in 
Oregon as was used in Washington (4 clusters of 10 trees each per 
plot). However, since no laboratory work had been done dealing 
with the removal of the DuPont Oil Red dye from the foliage, only 
aluminum plates and Aritys cards were used to sample the spray 


deposit. The aluminum plates and white Kromekote cards were 
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42 
positioned by the 40 sample trees per plot following the same 
sampling scheme used in Washington (two plates and one card 
under each tree, and two plates and a card in the nearest open- 
ing adjacent to each tree). Since plot 1Z was sprayed last and 
there was a shortage of aluminum plates, the deposit in only 
two of the 10-tree clusters was sampled with the plates. In the 
remaining two clustersof the plot, two white cards were placed 
under each tree, and two cards were placed in each corres- 
ponding open area. 

Spray Drift Sampling--Twenty aluminum plates and 10 white cards 
were positioned in line, fifty feet apart, through the control 
(Check) plot. 
Spray Deposit Analysis--The spray drops, on the four square 
centimeters in the center of each card, were counted with the 
aid of a dissecting microscope. These data gave the drop density 
(drops/sq cm) and were used to determine the spray atomization. 
The spray deposit was washed from each aluminum plate with 
10 ml. of reagent grade acetone. The concentration (g/ml) of 
dye was determined with a Beckman Spectrophotometer. The 
flourometer could not be used for the LaGrande data since the 
DuPont Oil Red dye was not a fluoregcent material. The dye 
concentrations were corrected for beckground and recovery rate. 
The recovery rate was 98.2 + 1.0%. The deposit was converted 


to gallons per acre by considering te actual concentration of 
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43 
dye in the formulation, the deposit on the plates, and the surface 


area of the plate (equation 1). 


RESULTS AND DISCUSSION 

Atomization-—-An average mmd of 310 microns was obtained in the 
two plots sprayed at the 0.15 pound of Zectran per acre dose. 
In the 0.3 pound of Zectran per acre plot, the atomization was 
312 microns. 

These atomizations are consistantly coarser than those 
obtained in the Washington test with basically the same Zectran 
formulation, saprae tips and spray pressure. This coarser atomiza- 
tion is most probably the result of two factors: the nozzle 
Lippotientationeand a restriction of flow rate.. The restric- 
ted flow rate was caused by the plugging of filter screens 
and nozzle tips by the undisolved red dye in the formulation 
(approximately ten times too much dye had been added to the 
formulation). 

Spray Deposit Assessment--The deposit data for the LaGrande experi-— 
ment are summarized in Table 10. The individual data are tabu- 
lated in Appendixes F-H. As was the case in Washington, the 
average deposit was generally high (Table 10). The average 

deposit recovered from the aluminum plates that had been placed 

in the openings was 0.694 + .127 gpa for plot 12, 0.325 + .073 

gpa for plot 2Z, and 0.123 + .038 gpa for plot 32, The overall 
average deposit sampled in the open for the entire test was 0.316 


gpa. It was not surprising that plot 32 had the lowest deposit 
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; Table 10.--Summary of the amount of spray deposit recovered from the aluminum 
plates and the number of drops on the white Kromekote cards. 

Zectran test, LaGrande, Oregon. 
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# in the open under the trees 
‘ gpa drops/cm gpa drops/cm 
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m 2Z 1 “= = . - 
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'a/The values in parentheses are the standard errors of the means at the 


5 percent probability level. 
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since the sample clusters were positioned on a steep hillside, 

and a 6-8 mph wind was blowing up the hill at the time of applica- 
tion. (Wind speeds were measured by field crews using hand 

held Dwyer wind meters; no other meteorological conditions were 
recorded). 

Since clusters #1 and #4 in plot 2Z were resprayed four 
days after the original application, no deposit data are avail- 
able for those clusters. The cards and plates were collected 
after the first application and revealed for clusters #1 and #4 
deposit which could be attributed only to drift. 

Linear regression analysis showed there were high linear 
correlations between the deposit in the open (gpa) and the drop 
densities (drop/cm2) ForIpLOLs wieeand)323.eer30.55 and -O487 § 
respectively. The linear regression was significant at the 0.05 
devel™tor plot™=iZ*and at the®0.01 level forcplot.3Z.* There was a 
low linear correlation between drop densities and the gpa for plot 
2Z (r=0.08). 

The deposit was consistant between clusters in plots 12 
and 2Z, with no significant (0.01 level) differences in the mean 
deposit (gpa) in the open among the cluster within each plot 
(Table 10). There was, however, a significant difference in 
deposit between the plots. There were also srenifacant. (0.0L 
level) differences in the average drops per square centimeter 
between clusters within plots 1Z and 2Z. In plot 1Z, cluster 


#3 had a greater density and cluster #2 a lower density of 
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drops than the other three clusters. In plot 2Z, cluster #2 
had moreetro pal one than did cluster #3. 

In plot 3Z, both the deposit (gpa in the open ) and the 
drops /cm2 in cluster #1 were significantly higher (0.01 level) 
than the other three clusters. It is interesting to note that 
cluster #1 was the upper most cluster, with the other clusters 
positioned downhill from it. 

As was the case with the tests in Washington, there was 
significantly higher deposit recovered in the open, than 
under the trees (Appendixes F-H). The average atomization 
of the drops reaching the ground under the trees (238 mircons) 
was also finer than the average mmd in the open (311 microns). 
Drift Assessment--Since the concentration of DuPont Oil Red dye 
was measured with a sspectrophotometer, which is 100 times less 
sensitive than a fluorometer, the low deposits at the drift level 


were undetectable. , 
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CONCLUSIONS 


In general, the deposit coverage in the Zectran treatment 
areas demonstrated the effectiveness of the aerial application 
technique. The adequate deposit achieved in the LaGrande tests, 
without swath markings, complimented the high deposit in the 
Washington tests where flagmen were used to mark the spray 
swaths. The consistent, relatively lower deposit resulting 
from the application of the pyrethrins at the 0.5 gallon per 
acre application rate, suggests that improved aerial application 
techniques must be developed before the lower application rates 
can be used effectively in the field. 

If the pyrethrins-mineral oil formulation is to be further 
field tested, improvements are needed in the quantitative 
analysis methods, especially for analysis of the foliage samples. 
The tracer method previously developed for the Zectran formulation 
(Maksymiuk, et al., 1971) eer ea a simple, precise method for 
determining the Zectran deposit. 

The small variation of deposit within the individual 
clusters indicates that the cluster method of sampling provides 
a good estimate of the deposit for the area around and within 
the cluster. The small differences in the mean deposit among the 
clusters shows that, if the cluster is to represent one datum 
point, the natural variations in the deposit will bevsmatl. Le 


a large variation (100-1000 fold) in deposit is needed for a 
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field study, the deposit gradient will have to be applied, It 
will not result from the inherent variation of one application 
if the cluster method of sampling is used. 

The results of the ten trees that were sampled at the 
top, midcrown, and lower crown levels indicated the reliability 
of the current sampling scheme of collecting the midcrown 
samples at the four cardinal directions. More tests of this 
type need to be conducted to constantly improve the sampling 
procedures. 

Probably the most important aspect, of these tests, is 
the correlation BE the mortality results from the airport tests 
with the actual mortalities from field experiments. Over a 
100-foot spray swath, Zectran applications resulted in over 
99 percent mortality, while pyrethrins treatments gave only 69 
percent mortality over a same 100-foot swath during the airport 
teers: The Zectran treatment obviously resulted in the higher 
mortality under the specific conditions of the airport test. In 
the field experiment, one pyrethrins application resulted in 55 
percent mortality, while one Zectran treatment provided over 
80 percent mortality (Williams, 1972). 

More experiments designed to illustrate such airport- 
field ene need to be conducted to find the emperical 
relations between the two types of tests. In this particular 
set of tests, true comparisons cannot be made between the 


two insecticides, since no important application variable was 
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constant. For example, the Zectran concentration was 0.15 pound 
per gallon, while the pyrethrins concentration was 0.10 pound 
per gallon. The application rates were 1.0 and 0.5 gallons 

per acre for Zectran and pyrethrins, respectively, which 
resulted in dosages of 0.15 and 0.05 pound per acre, respectively. 
However, the good correspondence of the overall results of 

the airport and field experiments indicates the possible use of 


the airport tests for futher screening of insecticides before 


field tests are attempted. 
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Deposit data from the oy) 


1972 Zectran test, Riverside, Washington 




















: Deposit from foliage samples Deposit from aluminum plates & cards 
‘Tree Avesawt./ Ave. Sonnet In the open under trees 
no. 100 g.dye/ml ig. Zectran/ 
needles x10-8 100 needles GPA Drops/ GPA 
cm2 
Rs 1 5787 1.8542 weve 5150 64.75 1448 
ace 2 6521 1345 2.0369 5039 71.25 .0877 
Brs 3 5040 Dart 4.8683 4338 88.50 1860 
RS 4 6677 3.0306 5.4412 £3719 63.00 .1899 
"RS 5 .5292 3.0653 5.5035 5051 74.00 1525 
RS 6 6492 7.4538 13es82 7 7565 116.50 .1951 
| BRS 7 6866 8.2967 14.8961 7410 126.25 1760 
RS 8 6245 10.8040 19.3977 8025 ibys 5123 
mes 9 832.7136 8.4820 15.2288 .7609 116.25 2482 
, 5690 7.9654 14.3012. 7363 109.50 4120 
Rs 11 8722 3.8329 6.8817 3497 59.75 4627 
Bs 12 5343 6.6757 11.9857 5868 51.75 spRiZa 
Pe 13 5712 3.9497 7.0914 4857 51.50 . 2086 
“Rs 14 6042 5.3521 9.6093 2657 42.50 1562 
(RS 15 . 7986 5.0858 9.1311 5916 39.00 2185 
(Rs 16 6240 5.2924 9.5021 .5218 51.25 . 2090 
RS 17 .6817 4.1973 ey cee) 5384 48.50 eee! 
RS 18 6689 alts sy 7 13.1742 6062 37 .00 hice 
Rs 19 .6179 7.4682 13.4086 6328 53.50 4445 


RS 20 e0799 aye ee 11.4036 ,0073 Ai) - 3842 
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APPENDIX A (Cont. ) 52 








Deposit from foliage samples Deposit from aluminum plates & cards 
Y tree Ave. wt./ Ave. erences SS ee arcune.. i paar 
no. 100 g-dye/ml yg. Zectran/ 
needles x10-8 100 needles GPA Drops/ GPA 
cm2 

RS 21 9216 1.2302 2.2087 2375 64.25 Ma6e 
RS 22 5390 1.7455 3.1339 . 2680 66.25 1384 
BRS 23 5946 2.3819 4.2765 3485 88.25 2740 
RS 24 .6718 Me 8.3008. 4920 92.75 .1697 
RS 25 6035 9671 1.7364 4020 84.25 1729 
RS 26 7027 3.8446 6.9027 2954 70.50 ay tig 
RS 27 5508 2.2256 3.9959 4389 77.00 0840 
RS 28 7286 3.3823 6.0726 2652 59.75 19 71 
Bs 99 8 66741 2.8188 5.0609 3862 63.00 1094 
RS 30 . 6006 2.0317 3.6478 3921 74225 2050 
RS 31 .7015 2.5020 4.4921 5868 _ 85.75 .1320 
Mes 32 .- ».£6584 1.8778 ecvay 2839 71.25 1990 
me S35 . &.27652 5.9984 10.7696 3965 69.00 0503 
RS 34 .8367 4.9609 8.9069 FA766 79.50 251. 
RS 35 6812 3.1642 5.6811 3786 74.75 1305 
RS 36 6534 5.3717 9.6444 6506 63.00 . 2034 
RS -37 17377 1.2995 2.3331 3263 74.00 0941 
RS 38 M5745 3.2236 5.7877 5610 86.75 2442 
RS 39 ie,9 - AP 16.0705 10.8991 6633 84.75 1187 


RS 40 20/92 (Nps Y bol) 7.8560 - 5368 64.75 ~aoag 
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APPENDIX B 


; Spray deposit recovered from the foliage, after the Zectran application 
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Tree . Directional deposit 

oe g. dye X107//100 needles g. dye X10~-//0.5 g. foliage 
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APPENDIX B (Cont.) 








Tree Directional deposit 

ate g. dye X10-//100 needles g. dye X1077/0.5 g-. foliage 
North South East West North South East West 

eral 1.0495 LG Oi 2e2 eels 2d 1.01/76 ~ 5947 25707 7342 24929 

RS) 22 sOWeha BS hs: ~4011 5.3644 -/ 20 aoL35 3444 4.4680 


Roe} Se Pas: IEE eset Logo Lo Peg 2 tame Piped 1.6087 Leto el 1.4764 


RS 24 39-0125 1.8786 te aI7O Moe 4252 2.0843 1.3865 - 9803 9.0405 
a 122089 Ose - 6349 13471 Lo o7 24995 sited 3 9925 
25.26 Seep Sra seteb) Shoe ichews 1.0708 Zag /79 33/616 3.8420 369.33 
RS 52] 5.8178 1.6341 7.99 3/506 6.6637 lsZ044 me A Bs) Os 


RS 28 2.6530 Dee oo POs 6g 3.9709 1.8300 3.1462 1.4362 2.5616 
Ro 429 ean 3.4318 3-220 e271 /28 Je 30 230313 1.9048 2 oe he 


RS 30 1.6341 Seen eres, 4.9893 ~ 9857 deol 2 5405 3.8836 4/059 
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APPENDIX C 


Deposit data from the first application, 


1972 pyrethrins test, Oroville, Washington 
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Deposit from foliage samples. Deposit from aluminum plates & cards 
Tree Ave. wt./ Ave. Estimated - . In the open Under the trees 
no. 100 g.dye/ml Ug. Pyrethrins 
needles herd, 100 needles GPA Drops/ GPA Drops/ 
cm2 cm2 
os | 6661 1.0193 12.7886 2.25  .0100 2.00 
os 2 5102 3.6873 46.2627 ¥.50 09137 2.50 
0S 3 5468 0 0 0205 2.25  .0019 4.00 
os 4 6822 1.3274 16.6542 0667 7.00 .0289 3.25 
0S 5 5428 2981 3.7401 0667 2.75 .0469 5.50 
OS 6 5759 0875 1.0978 0236 6.00 .0370 3.25 
0S 7 5649 8139 10.2115 0696 6.50  .0039 3.00 
0s 8 .9137 595 2.0011 50738. 950. 20299 2275 
0s 9 7386 1922 2.4114 | 0667 1027500157 5.50 
| 0S10 -6552 2.7649 34.6898 .0922 10.50. ~.0154 1.00 
ie «710k .1834 2.3010 1107 28.00.1117. 22.25 
0812 1.1220; .6201 7.7800 . 0887 16.00 .0551 6.25 
0813 . 7361 4167 5.2281 2042 28.00 .0849 18.25 
osi4 5024 1916 2.4039 0132 4.50 = .0734 19.00 
0515 4076 5954 7.4701 . 2930 29.25 .0819 16.25 
0s16 6599 . 3258 4.0876 . 2189 11.75  .0061 5.75 


0817 5942 0 0 .0193 6.50  .0022 3.00 
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Deposit from foliage samples Deposit from aluminum plates & cards 








Deemn Ale Wit/ Ave. Estimated Prothetopen Under the trees 
no. 100 g-dye/ml gq. pyrethrins 
needles X10), 100 needles GPA Drops/ GPA Brops/ 
cm cm 

os 18 .6538 . 3480 4.3661 .0536 93/5m~. 02211 6.00 
os 19 5858 .0142 178) 0241 3.75 .0089 3.75 
0S 20 .6954 .0263 3299 .0649 71 325e@ . 0019 — 2.75 
OS 21 . 7328 2818 3.5356 .0904 16.75 .0663 19.50 
OS 22 5114 .0199 2496 .0310 12.00  .0799 13.00 
0S 23 5631 0 0 0996 20.00 .0215 9.75 
Beeze .- .7124 - .0293 3676 .0582 5S00 mee. 0296 Ba25 
Boe25 ©. 5839 . 3867 } 4.8517 * 0884 17.75.0441 17.75 
Mos 26 =. 7035 ~ ,0320 4014 ni? yee? 100 ar O54 E 15.00 
Bos-27.- + #.4280 .0398 4993 1421 Agi Lie 6.75 
BOS 28 -4938 .2161 elie . 1014 20.75. =.0092 | 9.50 
0S 29 4123 0 0 .0944 2.75 .0082 16.50 
0S 30 . 3846 0 0 1943 19.75 .0234 10.50 
OS 3] 1.0053 0804 1.0087 . 1260 13.50 .0450 3.25 
eos 32 .6259 0223 .2797 034] 9.50 .0153 25 
- BS 33 4486 .1153 1.4466 sabi brie) ER AES 3.50 
0S 34 ~5427 .0800 1.0037 .0316 6.0 .0124 ea de 
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Deposit from foliage samples Deposit from aluminum plates & cards 
Tree Ave. wt./ Ave. Estimated In the open Under the trees 
no. 100 g-.dye/ml hg. pyrethring 

needles R10nd, 100 needles GPA. Drops/__— GPA Drops/ 

cm2 cm2 

OS 36 ~5342 .0506 .6348 .0320 6.25 .0388 4.75 
poe / . 6371 .0064 .0802 eOL24 5. 00 .008] 3.00 
Os 38 . 7833 . 1861 2.3349 Sur) 8.50 .0110 4.75 
0s 39 - 9630 .0587 -7364 -0012 3.50 . 0033 4.25 


os 40 5522 0074 .0928 POZO 5.75 0040 5.25 
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Deposit data from the second application, 38 
1972 pyrethrins test, Oroville, Washington 
Deposit from aluminum plates and white cards 
Tree samples in the open _ Beste eS eund Gat ees 
" gpa drops/ cm” gpa Hanns nde 
OS a1 .0087 Se) .0063 Spas 
Se 2 FOLZO 0.50 0025 1.00 
Sa 3 .0109 2.00 .0076 1250 
05.264 0739 eas, 0089 4.00 
Ost 0013 4.00 0431 ee) ® 
OS 6 0281 ss SF oe, B02 54 Sy as: 
os 7 0083 8.50 -0219 6,75 
os 8 UZ 34 aU JOR Rs) 
os 9 -0744 8.00 0471 2200 
OS 10 21233 3.00 0083 A Cott ls) 
BOS 11 -0753 20875 .0785 Jad 5 
BOS 12 1641 28.00 . 0638 21450 
OS 13 . 0033 Zeid ~0452 17,50 
mOS 14 Laat 19.50 SOOO. 13.00 
os 15 . 0063 11.00 0063 12a] 
OS 16 21/20 24422 ~0703 14450 
0s Ww 0431 36.00 POsa2 8.00 
0s 18 . 1383 30.75 OAS2 24 x00 
0s 19 1333 11.00 0409 12.50 
20 «LLo0 28.50 OLS 4 4,75 
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Deposit from aluminum plates and white cards 








Tree _samples in the open _ Samples under trees _ 

a” gpa drops/cm? gpa drops/cm* 
peel 2° 0896 18.25 0581 7.75 
OS 22 793 = missing 70/03 EE ..00 
os 23 0989 22.50 0324 14.50 
OS 24 1168 17.75 0603 18.75 
925 1397 2425 0624 16.25 
OS 26 0514 8.00 0029 7.75 
OS 27 0053 3.50 0087 6.50 
os 28 0119 19.25 0008 7.50 

Os 29 0524 13.75 0164 6.50 
OS 30 0162 14.50 0269 16.25 
OS 31 | . 0303 1.00 0041 1.00 
OS 32 0238 6.25 0288 5.00 
Os 33 0341 305 0031. 1.50 
os 34 0438 18.25 0474 11.00 
Os 35 0405 12.25 0388 5.75 
OS 36 0886 15.50 0495 20.00 
0s 37 0288 7.75 0311. 11.50 


OS 38 0767 25.75 .0404 10.00 
mOs 39 POL/O0Me FREES 0200 92-50 


“0s 40 | 0682 tS 0577 19.50 
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Spray deposit recovered from the foliage 
after the first pyrethrins application. 








Tree Directional deposit 











bate g. dye X1076/100 needles ___g- dye X107°/0.5 g. foliage _ 
North South East West North South East West 
Gs 1 0 4.0462 BU SLZ 0 0 3.2430 -0245 0 
ee 10.°3755 2200020 41,5704 lye SPT Ey 2.5454 Li4981 Sis P42, 
Os 3 0 0 0 0 0 0 0 0 
Com 4 Meat 2a Oad - 9860 3009 . 8469 7B W boys 25 ob 1.4 
AS ae, woo2o - 4087 0473 - 3439 —ea4U 4362 0473 24579 
OS 6 0 2124 .0744 -0635 0 Sod a 0740 0485 
Oy 0 9647 29860" 1.3069 0 hehe fe) ae ichow) 12039 
os 8 0 ~4411 0473 . 1499 0 a3325 0343 0572 
os .9 0258 6354 POlI9 be 0174 -4328 .0076 -0685 
vo, LO" 1.1454 . 8267 O20, ee oe 2OLO% 9/19 cio Rts Serio’ - Tewte ap) 
oe 3547 £1983 elise 0095 . 2580 sjteye re Biot .0063 
os 12 123134 re a 2750 3547 ri2o8 0792 . 3067 71409 
Os 13 220 eS D4G/ 6461 oh Ps) 1457 fH es ASS ee aS 
OS 14 0204 .2200 SPAS AS) 2139 20195 MAND AVE: - 3258 
Biel Ve, OT 2O207 6567 phn Oke Id 3 ee gl eI Oo 9256 O32 
mo 16 0937 el eiela 1.0180 s0501 OGL? 0873 Shey .06 31 
OS 7 Oa 0 0 0 0 0 0 0 
Bs 18 .0744 PZ oOU - 9860 pO9 oo of Oe bY 2009 ah o54 sU702 
io A 0 5.27 0 0041 0 0487 0 «0029 


OS 20 0635 0 0 TOA Io 0346 ) 0 W328 
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Tree Directional deposit 
Ree g. dye X10~6/100 needles g. dye M108 3/005 g. foliage 
North South East West North South East West 
Oon21 1445 ao 29 -6885 n1013 .0986 .1389 » 5674 0563 
Coase .0796 a0) 0 0 .0605 0 0 0 
Vote 3 0 0 0 0 0 0 0 0 
Oai24 0 a ha sy ge 0 0 0 -0790 0 0 
O52) 5975 ate e be: oeo -0095 5647 1489 5646 . 0092 
Oe 20 0 0 be Oo 0 0 0 0678 0 
or 27 0 L174 0 0419 0 21295 0 -0487 
os. 28 - 2792 0 ~4734 shes, Bi Bes) 0 - 4338 71663 
mse29 0 0 0 0 0 0 0 0 
Os 30 0 0 0 Dix, 0 0 0 0 
io 3L 0419 P1067 0937 0796 -0183 0591 0450 0425 
S532 0635 0 0 .0258 0423 0 0 0198 
OS—33 eo 0 0 . 1660 S212) 0 0 20a 7 
OS 34 .0850 . 1660 .0690 0 0766 yo teree EUs 72 9 
OS 335 0 0 0 0 0 0 0 0 
Os 36 .0796 0 =1226 0 0498 0 .0900 0 
Os 37 0 0258 0 0 0 ul 3 0 0 
os 38 0904 SIPs Pe = 2OL6 ~1445 20525 20654 73091. 0943 
OS 39 PL LG 0 0635 0 0591 0 .0269 0 


Os 40 0 0204 2-009 0 0 POLSS 0100 0 
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Deposit data from spray plot 12, Zectran concentration: 0.15 16 Zectran/gal . 


1972 Zectran test, LaGrande, Oregon, 
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Deposit from aluminum plates and white cards 








Tree les in the open Samples under trees _ 
no. gpa drops/cm gpa drops/cm* 
ir 4 5739 65.75 1779 35.25 
a7" 92 £8303 61.25 1867 68.50 
EZ <3 1.0185 52.00 1438 44.50 
eed, . 2688 61.00 a1 43.25 
age ee 278.18 60.50 2561 47.00 
i 6 8725 66.25 0726 19.00 
i 4 8238 66.50 .1072 38.00 
mw 3 . 8400 78.50 haze 26.50 
iz 29 077 53.25 1477 55.00 
12" 10° .4700 55.50 ‘ .0580 37225 
‘onal 42.62 20.88 
1Z>12 | 30.50 30.88 
is 23.75 21.50 
1Z 14 | 35.75 14.75 
1Z 15 68.00 18.62 
ne 16 52.12 13.62 
B17 17 yee S72 en 16.50 
Zz 18 - 48.25 15.25 
fe 19 . 27888 18.62 


Biz 20 14.12 i 
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Deposit from aluminum plates and white cards 


Me Tree samples in the open Samples under trees 
ee ees ae 











ee gpa drops/cm2 gpa drops/cm2 
Re 82.88 34.62 
1Z 22 62.12 55.12 
12923 | 110.50 29.25 
nz a24 104.38 45.12 
ee is 90.88 86. 88 
826 71.38 78.25 
12427 105.50 42.50 
1Z 28 100.75 60.38 
fz 929 83.75 96.00 
1Z 30 88.75 30.88 
£2 231 6323 37.50 1747 48.00 
fiz 32 3483 33:25 0350 19.00 
i 33 .5090 65.75 2250 38.75 
fe 34, . 8238 77.75 .1091 60.75 
1Z 35 9601 84.50 2964 eels 
6 8984 96.75 pal ees 
237 9049 88.25 5328 54.75 
1Z 38 112295 Be 28075 -5641 92-50 
1Z 39 5447 20.00 0627 11.00 


1Z 40 . 7362 76.75 .0439 1595 
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APPENDIX G 64 
Deposit data from spray plot 2Z, Zectran concentration: 0.15 1b Zectran/gal 


. 1972 Zectran test, LaGrande, Oregon. 


Sa ae ee a ES ; , 


Deposit from aluminum plates and white cards 














ire = Sampilessin'’ thesepens Esa mleorindem treests 
BOE gpa drops/cm? gpa | ee 
rue al Pee 1707 27.00 .0478 18.50 
eG) S18L3 33.00 .0305 | 22875 
O73 .1589 39.50 .0982 36.75 
ez 4 . 2002 46.00 .0586 28.50 
22015 0623 23.25 0270 10.00 
22 16 . 1628 Ba825 .0218 4.75 
e717 4130 52.25 .1126 41.00 
2Z 18 3539 70.75 .0879 31°75 
2Z 19 5214 60.50 ae 293 27.00 
P2010 .4071 47.50 .0240 9.00 
p2a21 5588 21.00 2523 28.00 
Beno 2 .5470 24.75 1057 25.75 
22323 5549 20°95 .0569 15.00 
& 24 3244 29250 .1835 2.00 
P7335 4445 14.25 0262 Gh2G 
2Z 26 wai 7:50 0572 10.25 
P2027 3421 19.75 0803 8.75 
2Z 28 | 2009 8.00 .0801 13825 
97°29 .4268 7450 .0813 13.00 
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Deposit data from spray plot 32, Zectran concentration; 0.30 1b Zectran/gal 


1972 Zectran test, LaGrande, Oregon 











Deposit from aluminum plates and white cards 





Tree Samples in the open Samples under trees 
oe gpa drops/cm gpa drops/cm2 
yaa 4982 23.50 BIG ‘eek 
“ay 3783 14.50 .0350 4.50 
Wage) .4014 19375 .1679 26.25 
3z OG But95 4.50 .1048 12.00 
az 5 . 3698 15225 .0354 11.50 
3Z 6 .1795 12.50 .0518 8.25 
Bzy J oi795 25 .0503 3.25 
Bz. .8 . 2436 12.00 P0525 2.50 
3Z 9 3278 11.00 Avieliy 13.50 
3Z 10 . 1580 10.25 j 0392 CaS 
32011 BOD 7 Be 6.25 .0201 1.00 
BZ 12 dig: 6.50 .O411 1.25 
B23 .0448 6.00 .0491 50 
Bz 14 me 0221 te25 .0659 5.00 
B7eLD .0814 6.75 .0480 iG Ns 
3Z 16 0539 5.00 0589 as 
R731 .0472 2.75 0364 2250 
3Z 18 } 0436 2.00 0333 1.00 
3Z 19 ns) aye 0232 1.00 
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APPENDIX H (Cont. ) 
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». Deposit from aluminum plates and white cards 
Tree samples in the open _ samples under trees 
ee gpa drops/cm2 gpa drops/cm2 

aa wal BODO | 0-50 - 0313 Ree) 

oR ar, -0524 50 -0491 Le 00 

3Z- 23 -0564 4.00 -0334 10.00 

3Z 24 -0512 | as) 0209 4.50 

GVA: Paw) -0453 4.50 -0385 4.75 
32-26 . -0465 PRES -0701 6io/-3 

BZ. 27 -0974 lane) . 1000 ays hs) 

3Z 28 -0966 8.00 SOOT LE. O0 

Bo 29 0636 oad) 0345 4.00 
3230 «0922 jhe) S017 3.50 

BLe 31 . 1090 9.00 . 0412 5.00 
32432 0925 Tega 0343 B20 
32853 L570 13 - 1090 TOs fs 

B37 34 0472 9225 . 0606 hs Tes) 

B2535 .0688 6.00 -0358 missing 

S296 SUZ 6.25 0669 3.00 

me, 3Z 37 Pate 4.75 0701 5 225 
. 3Z 38 AO e SR 8.50 0859 Ln OP Ths) 
37 30 (CC 0244 Teplice . 0806. aha 


3Z 40 .0417 4.50 . 0600 eo) 
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